Introduction: References to recreational exposure to high sound pressure levels (SPL) and the risk of hearing
INTRODUCTION
Tinnitus corresponds to sound perception, in the head or ear, without corresponding environmental stimuli 1 . Worldwide prevalence statistics indicate that 10% to 20% of the population exhibits the symptom 2, 3 , and although there is positive relationship with age, the number of adolescents who have experienced at least one episode of temporary tinnitus induced by high sound pressure levels (SPL) reaches almost 75% in some samples 4 . The concern about the habits and attitudes related to recreational exposure to high SPL has been growing in the world, including the creation of normative characteristics for legislating personal sound systems (PSS) in European Union countries 5 . However, the popularization in the use of PSS because of lower prices, increased storage capacity, easy downloads, increased power and reduced size of the devices has increased over time as has the sound intensity of exposure, especially among the younger population 6 , so that the prevalence of PSS is about 95% in some populations 7, 8 . Although there are no regulations related to recreational exposure to noise, taking as a basis the reference values used for occupational exposure, approximately half of adolescents have had exposure that is higher than recommended safe limits for hearing health, and a third of them are subject to this exposure through the use of PSS 8 . This deleterious behavior has been associated with situations involving a desire for acceptance and integration within a group, need for isolation, improving self-esteem through the euphoria due to high-intensity sound stimulus, socioeconomic factors, among others [6] [7] [8] [9] [10] [11] . The situation becomes even more worrisome in light of suggestions from current research, suggesting greater susceptibility of younger people to hearing damage and greater predisposition to the development of hearing loss in adulthood when there is early exposure to high noise levels 5, 12 .
Given that tinnitus may be due to temporary or permanent noise-induced hearing loss, and can act as a warning sign even before clinical signs of hearing loss 13 , we sought to study the relationship between exposure to recreational noise and the occurrence of this symptom.
Thus, this study aims to describe the relationship of the habit of using PSS and tinnitus in a group of adolescents, and to correlate the presence of symptoms with exposure to high sound pressure levels caused by the use of such devices.
METHOD
This is a descriptive cross-sectional study that was approved by the Ethics in Research Committee under the CEP record number 2576.183/2011-08. All participants signed a consent form authorizing the use of data collected after clarification of the research objectives and the procedures to be used.
Invited to participate in the study were all teenage students present in a state school in the city of Curitiba on the days of evaluation, of both genders. Subjects who met the following criteria were included in the sample: signing the consent form, showing normal results from an ENT examination, from an acoustic impedance evaluation, and from a pure tone audiometry.
The evaluation was performed by an ENT doctor and paid special attention to the sinonasal structures and the outer and middle ear, with a cleaning of the external auditory canal being performed when necessary.
The audiological assessment was for normal thresholds up to 25 dB HL, per the classification of Lloyd and Kaplan (1978), obtained by pure tone audiometry, performed with an Otometrics Madsen Itera II device, TDH39 headphones, calibrated in soundproof booth treated in accordance with the standards required by the Federal Board of Speech (2010). For the measurements of acoustic impedance of the middle ear, an Interacoustics AT22 analyzer was used and found to be compatible with the normal type A tympanogram results, according to the classification from Jerger (1970) .
Students included in the selection criteria were invited to complete a self-administered questionnaire containing open and closed questions, addressing their sound habits regarding the use of PSS, including information on commonly used intensity, frequency and duration of use, type of earphones, and symptoms associated with exposure, highlighting the presence of tinnitus. The visual analog scale was employed for estimating the volume range commonly used by the study subjects. Questions that arose were answered by the research team.
Results were statistically analyzed by Chi-squared and Difference of Proportions tests, at a significance level of 0.05, and they are presented below.
RESULTS
One hundred and thirty four adolescents met the inclusion criteria, and of these, 125 (93.28%) responded affirmatively to having the habit of using PSS. Of the nine subjects without exposure to music through PSS, three (33.33%) reported having already experienced at least one episode of tinnitus during life. The prevalence of tinnitus according to the habit of using PSS is shown in For purposes of statistical analysis, with respect to the occurrence of tinnitus in relation to the using PSS, the sample was divided by degrees of exposure with a regarding duration, intensity, and type of earphones used.
Thus, among PSS users, there were 63 female subjects and 62 male, between 12 and 17 years old, with a mean age of 14.72 years. Table 2 contains the distribution by gender and age of the exposed sample. We observed that 64.8% of adolescents have experienced at least one otological symptom, with tinnitus prevalence of 40%, followed by pain ear, ear fullness, itching, dizziness, and hearing loss. However, with regard to the occurrence of symptoms due to the use of PSS, 49 subjects (39.2%) reported at least one otological complaint, and the highest frequency was again tinnitus, occurring in 21.6% (n = 27) of subjects.
For exposure time (years, days and hours), 60% (n = 75) of the students reported having used a PSS for less than three years and 56.8% (n = 71) use it for less than two hours per day. However, 74.42% (n = 93) claim to listen to music on their PSS at least five days a week. The association of tinnitus with the exposure time on a PSS is shown in Table 3 .
Questioned as to the intensity usually used on their PSS, almost all the subjects, 92.8% (n = 125), use their stereos at moderate to high-intensity volumes, and 27.2% (n = 34) use the maximum volume of the device. In Table 4 we see the relationship with the presence of tinnitus. With respect to the type of earphones used, 73% of the sample prefer ear-plug style models (n = 91), followed by ear-muff style models with 20% (n = 25) and 7% (n = 9) opting to use both types. The presence of tinnitus according to the model of earphone used is shown in Table 5 . Attempting to correlate the prevalence of tinnitus with the habitual use of PSS, by applying the Chi-squared test, at a significance level of 0.05, for the groups with and without exposure variables of duration of habit, there was not a statistically significant difference observed. Similarly, using the Difference of Proportions Test, at a significance level of 0.05, for the variables of intensity and type of earphone used, no significant difference was found.
DISCUSSION
The popularization of the use of PSS, particularly in younger populations and the lack of regulation regarding the maximum intensity output for these devices have contributed to an increase in the risk to hearing health from voluntary recreational exposure to loud noise in this age group 6, 14, 15 . Note that the prevalence of habitual PSS use is 93.28% in the study sample and that these high numbers have been repeated in other studies with similar age groups in different countries, with values ranging from 90% to 95.6% [7] [8] [9] , although, depending on the selection criteria, the next lowest values can be found at 50% 16 . Given the knowledge of the deleterious potential of high SPL in hearing health, respecting, of course, differences in individual susceptibility 17 , it is relevant to estimate that about 10-30% of PSS users are at risk of NIHL after 5 or more years of use due to exposure to high-intensity noise over a long period of time 9, 18 . Since the occurrence of otological symptoms can signal temporary or permanent subclinical hearing damage, the high prevalence of otological symptoms (64.8%) among our subjects stands out, although some studies have shown results up to 67.2% 14 .
Noteworthy is the presence of tinnitus, not only for its known etiology related to hearing loss, even if it is not clinically apparent, but by its increasing prevalence among younger populations, appearing as the most reported symptom in most studies 14, 19 . Although, depending on the methodology used, the numbers of spontaneous tinnitus in studies involving adolescents have varied from 7.5% 20 to 74.9% 4 , the prevalence observed in our sample, 40% of PSS users and 33% among non-PSS users, coincides with most studies which varied from 35% to 38.4% 16, 21 . It is noteworthy that although more prevalent in the exposed group, by Chi-squared test, at a significance level of 0.05, showed no significant difference was observed in the presence of tinnitus related to PSS use, in opposition to results demonstrated by other authors 22 .
Dealing specifically with noise-induced tinnitus, we see occurrence in 21.6% of the sample, coinciding with other studies [22] [23] [24] and raising an alert to the possibility of these episodes being linked to the occurrence of TTS (temporary threshold shift) and PTS (permanent threshold shift).
The PSS usage profile was within the expected range for the adolescent population 7, 8, 14 , using the devices at least five days a week at a high volume, even though it has been for a few years. This presence of positive attitudes toward noise, with higher prevalence of abuse in the use of PSS, has been related to worse socioeconomic conditions and family structure, besides being justified in certain situations, by the pleasurable sensation provided by exposure to high SPL, providing social isolation and developing a vicious cycle dependent on force of habit 11 . Because of the possibility of this habit becoming linked to dependence, we emphasize the importance of acting on this population, despite having little time of noise exposure, which uses PSS in a way that is extremely harmful to hearing health.
With regard to the preferred sound intensity of use, it is relevant to highlight the finding of correspondence between the volume setting on PSS reported by users using a visual analog scale and its laboratory confirmation, especially in noisy environments, as demonstrated in some studies 25, 26 although other authors have observed an overestimation of the volume used 27 . Almost all teenagers of both genders, have indicated the habit of regulating volume between moderate and high, coinciding with other authors' findings about attitudes of young people and adolescents regarding noise, in which only 10% of the sample states to using PSS at low intensity 14 . That is extremely worrying given, considering that the volume output is as high as 126 dB HL in some devices, which according to regulations for NIHL, reduces the time for safe continuous use to less than one minute 24 .
As for the earphones used, the preference for insertion (earplug) models observed in 72.8% of the sample has been shown to be a global trend 28 . The importance of this finding is due to the knowledge that the use of the insertion earphone, for having less attenuation to ambient sounds, ends up raising the sound pressure level for the user, in addition to causing an increase of up to 10 dB compared the earmuff type 5, 25 .
Comparing the presence of tinnitus among subjects with and without exposure to PSS and between more and less exposed groups, we observed no difference in the prevalence of tinnitus symptoms, coinciding with other studies 26 , although some authors have identified a positive correlation with PSS abuse and the presence of tinnitus when the subject has been exposed for a longer time 14, 19 , at higher intensities 8 , and using insertion-style earphones 29 or only between the groups with and without exposure to PSS 22 . It was questioned if the exposure time would have been insufficient to cause increased occurrence of symptoms since it has been shown that hearing quality deterioration occurred only in PSS users of more than 5 years 7, 29 . Moreover, in the present study, other forms of recreational and environmental exposure to loud sound, which could be responsible for generating heterogeneity of groups and result in lack of significant findings were not taken into account.
CONCLUSION
The occurrence of the habit of listening to music through PSS corresponds to almost all adolescent subjects (93.28%). Even though most started habitual PSS use less than three years prior, the use several days a week, at high volume intensities, and using insertion-style earphones, may cause harm to hearing health in this population.
